Background {#Sec1}
==========

Health concerns surrounding the excessive consumption of sugar-sweetened beverages (SSB) is arguably one of the most publicized current public health issues. A widely accepted description of SSB includes all carbonated beverages with added sugar (e.g., soda), fruit drinks with added sugar, sports drinks, and other drinks with added sugar such as sweetened tea and coffee. SSB are the largest contributor to added sugar intake and contribute approximately 7 % of total energy intake for United States adults \[[@CR1]\]. Of additional importance are the significantly higher SSB intake patterns among rural adults and among adults with lower health literacy (HL) skills \[[@CR2], [@CR3]\].

There is strong scientific evidence indicating associations between SSB and numerous adverse health issues such as obesity, diabetes, cardiovascular disease, dental caries, and oral health \[[@CR4]--[@CR8]\]. Although notable emphasis has been placed on behavioral intervention strategies targeting SSB reduction among children and adolescents, there has been little attention on developing evidence-based behavioral interventions targeting SSB consumption among adults \[[@CR9]\], particularly among low socioeconomic, rural adults who are at greater risk for high SSB consumption. Likewise, medically underserved populations have less access to health care services and fewer opportunities to participate in and benefit from health behavior research. Engaging underserved populations in behavioral interventions is central to reducing disparities and the prevalence of adverse health outcomes \[[@CR10]\].

Similar to the link between SSB and adverse health conditions, poor HL skills have consistently been linked with poorer health outcomes \[[@CR11], [@CR12]\]. Health literacy can be defined as "an individual's capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions \[[@CR13]\]." Despite the emergence of experimental approaches to address HL skills, the influence of participant HL status on program effectiveness is not well understood and few studies have explored moderation effects by HL status \[[@CR12], [@CR14]\].

The Talking Health trial was developed to address these gaps in the literature and to target needs of the medically-underserved Appalachian region of rural southwest Virginia \[[@CR15]\]. Unfortunately, this targeted region consumes over three times the national average intake of SSB \[[@CR16]\]. There are also notable socioeconomic (median income, percent population below poverty, educational achievement, etc.) and literacy proficiency disparities within this region, as compared to state and national averages \[[@CR17], [@CR18]\].

The Talking Health trial was designed to determine the effectiveness of a 6 month intervention aimed at decreasing SSB consumption (SIP*smart*ER) when compared to a matched-contact intervention group targeting physical activity (PA) behaviors (MoveMore). The Theory of Planned Behavior (TPB) and HL strategies were applied in all phases of intervention planning, implementation, and evaluation \[[@CR19]\]. The study was designed as a type 1 effectiveness-implementation hybrid randomized-controlled trial that was guided by the RE-AIM (reach, effectiveness, adoption, implementation, maintenance) planning and evaluation framework \[[@CR15], [@CR20]\]. A type 1 hybrid trial has primary objectives related to testing intervention effectiveness and secondary objectives aimed at better understanding the context for implementation \[[@CR15]\]. The purpose of this paper is to report on changes in SSB consumption, PA behaviors, theoretical antecedents of behavior change, quality of life, media literacy, anthropometric, and biological outcomes. A secondary purpose is to determine the robustness of effects by participant baseline HL status when considering retention rates, program engagement, and outcomes. Finally, descriptive data is provided across RE-AIM dimensions of reach and implementation.

Methods {#Sec2}
=======

This community-based randomized-controlled trial occurred in an eight-county rural region in southwest Virginia (i.e., Lee, Giles, Pulaski, Washington, Grayson, Wise, Wythe, and Montgomery). All included counties are federally designated as medically underserved \[[@CR21]\], and considered rural by population density metrics \[[@CR22]\]. A variety of active (e.g., recruitment at health departments) and passive (e.g., flyers, newspaper ads, word of mouth) recruitment strategies were used throughout the targeted counties between March 2012 and May 2014. Eight counties/cohorts were spaced approximately 3 months apart and averaged 39 participants/cohort (range 31--53). The first cohort intervention period was from May-October 2012 and the final from May-November 2014.

Eligibility criteria included English-speaking adults ≥18 years of age, with self-reported consumption of ≥200 SSB kcals/day \[[@CR23]\], no self-reported contraindications for physical activity \[[@CR24]\], regular access to a telephone, and not concurrently enrolled in another nutrition or physical activity program. Also, in efforts to minimize cross-contamination between intervention groups, only one member per household was allowed to enroll in the trial. Upon completing the baseline assessment, enrolled participants were randomly assigned to SIP*smart*ER (*n* = 155) or MoveMore (*n* = 146). Randomization occurred at the individual level. An equal number of sealed envelopes were prepared indicating SIP*smart*ER or MoveMore conditions and each participant drew an envelope to indicate their randomized condition. Locations for data collection and intervention activities varied across cohorts but included centrally located venues within each community (e.g., public health buildings, Extension offices, churches).

Ethics approval {#Sec3}
---------------

All study procedures were approved by the Virginia Tech Institutional Review Board, and participants provided written informed consent to participate in the study. To compensate their time to complete data assessments, \$25 and \$50 gift cards were provided at baseline and 6 month assessments, respectively.

Interventions {#Sec4}
-------------

SIP*smart*ER targeted decreasing SSB consumption, with the primary goal of achieving the SSB recommendation of less than 8 fluid ounces per day \[[@CR6], [@CR25]\]. To sufficiently target SSB reduction, participants were educated on recommendations for all beverage categories (e.g., water, noncalorically sweetened beverages, milk) \[[@CR25]\]. A pragmatic approach was taken when developing a comparison condition that was matched for contact and structure, but focused on a behavior independent of SSB consumption. This approach ensured that all study participants in these medically-underserved counties had an opportunity to benefit from study participation \[[@CR26]\]. As such, the comparison condition, MoveMore targeted PA promotion, with the primary goal of achieving 150 min of moderate-intensity aerobic activity and doing muscle-strengthening activities on two or more days per week \[[@CR27]\].

Several formative research phases guided development of the culturally-sensitive SIP*smart*ER intervention \[[@CR16], [@CR28], [@CR29]\]; and MoveMore was adapted from a previous research tested group-based PA intervention \[[@CR30]--[@CR32]\]. Prior to launching the Talking Health trial, a 5 week randomized-controlled pilot test was used to evaluate participant feedback on intervention content and structure, as well as understand the potential reach and preliminary effect sizes \[[@CR29]\]. The final 6 month intervention structure, informed by the preliminary work, included three small-group classes, one live teach-back call, and 11 Interactive Voice Response (IVR) calls. SIP*smart*ER and MoveMore conditions were matched in duration and contact. Each of the small group classes were 90--120 min in duration, and delivered during weeks one, six, and seventeen. Participants who missed a class were mailed a packet that outlined key content information and then a research assistant called participants to verbally review and reinforce the content, using a semi-structured script. Approximately 1 week following the first class (or missed class call), a scripted teach-back call occurred, lasting an average of 18.6 (*SD* = 5.6) minutes. Participants were asked to teach-back key concepts from the first class and to explain how they tracked their behaviors and calculated weekly averages. When recalled incorrectly, participants were given correct answers and offered additional opportunities to recall concepts correctly \[[@CR33]\]. Participants also received 11 IVR calls, weekly for the first 3 weeks and then bi-weekly for the remainder of the intervention. Each IVR call, lasting an average of 6.9 (*SD* = 1.9) minutes, reinforced key intervention messages, provided new content, and led participants through a personal action planning procedure \[[@CR34]--[@CR36]\].

A comprehensive overview of the intervention structure, theoretical constructs, and key learning objectives for SIP*smart*ER and MoveMore are published elsewhere \[[@CR37]\]. In brief, the foundational program elements including the TPB \[[@CR19], [@CR38]--[@CR41]\] and concepts related to HL, media literacy, and numeracy \[[@CR42]--[@CR45]\]. Clear communication techniques are embedded throughout the interventions, including activity approaches (e.g., hands-on demonstrations, pictorial information); materials with simplified language; teach-back strategies to promote comprehension of learning objectives \[[@CR33]\]; and non-written reinforcement of key intervention messages (i.e., IVR calls). Intervention content is aimed at building HL skills related to numeracy \[[@CR41]\] and to interpreting SSB- and PA-specific media messages \[[@CR46]\] as well as self-monitoring skills (e.g., personal action planning and behavior tracking) \[[@CR47]\].

Three masters-level research staff (i.e., MPH, MS/RD, MS/MCHES) and two PhD investigators with expertise in media literacy delivered the classes. Trained graduate research assistants provided additional class support and completed the teach-back calls.

Implementation data was tracked via detailed bi-monthly research meeting minutes and the IVR system generated reports. Program engagement was tracked systematically in SPSS statistical analyses software and operationalized as attending small group classes or completing missed call, completing the teach-back call, and completing the IVR calls.

Measures {#Sec5}
--------

Assessment included interviewer-administered questionnaires, computer-audio assisted questionnaires, and anthropometric and biological measures. Interviewer-administered validated questionnaires included: 1) the Newest Vital Sign, a 6-item questionnaire, to assess HL based on the nutrition facts panel \[[@CR48]\], 2) three non-consecutive 24 h dietary recalls over a 2 week period, including 2 weekdays and 1 weekend day \[[@CR49]\], and 3) Godin Leisure Time Exercise Questionnaire to estimate time spent in moderate, vigorous, and strength training physical activity over the past 7 days \[[@CR50]\]. Computer-audio assisted questionnaires included: 1) BEVQ-15, a validated food-frequency instrument that assesses past month beverage consumption \[[@CR51], [@CR52]\], 2) Stanford Leisure-Time Activity Categorical Item, a 1-item PA questionnaire which asks participants to select one of six statements that describes their PA level over the past month \[[@CR53]\], 3) TPB questions related to SSB consumption (20-items) and physical activity (20-items), which addressed attitudes, subjective norms, perceived behavioral control, and behavioral intentions \[[@CR28], [@CR54]\], 4) media literacy scale to address perceptions of media and advertisements related to SSB (19-items) \[[@CR55]\], and 5) quality of life to assess physical, mental, and overall health (4-items) \[[@CR56]\]. Anthropometric and biological assessments included: 1) weight measured without shoes and light clothing using a calibrated digital Tanita scale (Model: 310GS), 2) height measured with a research-grade stadiometer (at baseline only), 3) blood pressure following American Heart Association guidelines and measured with an automated oscillometric device (OMRON, Model:HEM-907XL) \[[@CR57]\], and 4) fasting blood samples obtained via routine finger sticks using a One Touch Fine Point Lancet (Lifescan, Johnson & Johnson Company). A CardioChek system was used to determine blood glucose, cholesterol, and triglyceride concentrations \[[@CR58]\].

Statistical analysis {#Sec6}
--------------------

All data were entered into SPSS statistical analyses software (version 21.0, 2012, International Business Machines Corporation, Pittsburgh, PA) and validated scoring procedures were applied to compute outcome variable scores. The Nutrition Data System for Research software (*NDS-R,* University of Minnesota, 2011) was used to analyze the 24 h dietary recall data and to calculate average energy intake (i.e., total kilocalorie intake reported at each recall divided by the number of days of provided recalls). Participant engagement was calculated as the proportion of program events completed and included proportion of small group classes or missed class calls attended/completed out of three, proportion of teach-back call completed out of one, and proportion of IVR calls completed out of 11. Descriptive statistics were used to summarize baseline demographic characteristics and engagement rates. Chi-square tests of association or Fisher's exact tests (categorical variables) and ANOVA tests (continuous variables) were used to compare demographics and engagement rates between conditions.

Multilevel mixed-effects linear regressions and moderation analysis were performed using Stata software to account for clustering of individuals within county cohorts (version 13, 2013, StataCorp LP, College Station, TX). Our original analysis included 6 month present at follow-up (completers only), as well as intention-to-treat using baseline value carried forward (which is also the last-observation-carried-forward since there are just two observations of the participants during the program duration) and intention-to-treat using multiple imputations to account for missing data \[[@CR59], [@CR60]\]. All three analytic procedures yielded similar results for the primary outcomes, with the expected largest effect sizes found in the present at follow-up analysis. Therefore, the most conservative approach, intention-to-treat using baseline value carried forward, is reported in this manuscript.

The mixed-effect models controlled for individual baseline characteristics, dummies of time and condition, and a time by condition dummy interaction. All models calculated robust standard errors for county/cohort cluster. The baseline covariates controlled in the models were chosen a priori and included age, gender, race/ethnicity, income, education level, HL level, employment status, number of children, smoking status, and BMI \[[@CR61]\]. The potential for HL to moderate intervention effects was tested using mixed-effect models with two- and three-way interactions among time, condition, and HL status added. The HL was based on standardized scoring for the NVS (0--3 correct answers = low HL; 4--6 correct answers = high HL). The coefficient of the three-way interaction is the moderation effect of HL status on the relative treatment effects between SIP*smart*ER and MoveMore conditions.

As shown in Table [1](#Tab1){ref-type="table"}, there are no statistical significant differences between conditions which confirms the validity of randomization. Therefore, we also report Cohen's d effect sizes for the relative 6 month mean treatment effects between the two conditions for the main outcomes \[[@CR62]\]. The local effect size Cohen's f^2^ yielded similar conclusions as well. Our study was powered to detect a small effect size of 0.34 for 0--6 month changes in SSB intake between the SIP*smart*ER and MoveMore conditions (i.e., 80 % power, 0.05 type 1 error).Table 1Baseline sample characteristics, by randomized condition assignment, n (%) unless otherwise notedCharacteristicTotal SampleSIP*smart*ERMoveMoreTest statistic *p*-value(*n* = 296)(*n* = 151)(*n* = 145)Age Age (years), M (SD)42.1 (13.4)41.7 (13.4)42.4 (13.3)F = 0.17 *p* = 0.68 Age 18--2437 (13)22 (15)15 (10)χ^2^ = 1.35 *p* = 0.72 Age 24--44134 (45)67 (44)67 (46) Age 45--64118 (40)59 (39)59 (41) Age ≥657 (2)3 (2)4 (3)Gender Male56 (19)30 (20)26 (18)χ^2^ = 0.18 *p* = 0.67 Female240 (81)121 (80)119 (82)Race Caucasian275 (93)137 (91)138 (95)χ^2^ = 2.22 *p* = 0.14 African American13 (4)10 (6)3 (2) More than one race7 (2.5)3 (2)4 (3) Other1 (0.5)1 (1)0 (0)Ethnicity Hispanic/Latina3 (1)2 (1)1 (0.5)χ^2^ = 0.48 *p* = 0.79Income  ≤ 14,999126 (43)69 (46)57 (39)χ^2^ = 6.89 *p* = 0.08 15,000--34,99994 (32)52 (35)42 (29) 35,000--54,99939 (13)18 (12)21 (15)  ≥ 55,00037 (12)12 (8)25 (17)Employment Status Employed full or part time144 (49)67 (44)77 (53)χ^2^ = 2.26 *p* = 0.13 Unable to work/on disability51 (17)31 (21)20 (14)χ^2^ = 2.35 *p* = 0.13Number of Children At least 1 child in household149 (50)77 (49)72 (50)χ^2^ = 0.05 *p* = 0.82 No children in household147 (50)74 (51)73 (50)Education Level \</=High school graduate93 (31)49 (32.5)44 (30)χ^2^ = 0.15 *p* = 0.70 Some college or greater203 (69)102 (67.5)101 (70)Anthropometry Weight (kg), M (SD)90.6 (25.4)90.7 (26.4)90.4 (24.3)*F* = 0.01 *p* = 0.93 BMI (kg/m^2^), M (SD)33.0 (9.1)33.3 (9.3)32.7 (9.0)*F* = 0.24 *p* = 0.62 Underweight (≤18.4)5 (2)3 (2)2 (1.5)χ^2^ = 1.45 *p* = 0.92 Normal weight (18.5--24.9)59 (20)28 (19)31 (21) Overweight (25--29.9)64 (22)34 (23)30 (21) Obese (≥30)168 (57)86 (57)82 (57)  Obese class 1 (30--34.9)60 (20)30 (20)30 (21)  Obese class 2 (35--39.9)43 (15)20 (13)23 (16)  Obese class 3 (≥40)65 (22)36 (24)29 (20)Current Smoker94 (32)53 (35)41 (28)χ^2^ = 1.59 *p* = 0.21Health Literacy (HL) Status ^a^ High likelihood or Possibility of limited HL (score 0--3)97 (33)55 (36)42 (29)χ^2^ = 1.87 *p* = 0.18 Adequate HL (score 4--6)199 (67)96 (64)103 (71)F test were used to compare means across conditions and χ^2^ testes were used to compare proportions across the conditions. Cells do not always equal 100 % due to rounding*M* Mean, *SD* Standard Deviation^a^Health literacy was assessed using the validated Newest Vital Sign

Results {#Sec7}
=======

Study reach {#Sec8}
-----------

In total, 1056 participants were screened, 620 were eligible (59 %), and 301 (49 %) enrolled (Fig. [1](#Fig1){ref-type="fig"}). Retention was 74 % at 6 month follow-up and was not statistically different between conditions. Five women reported being pregnant at baseline and/or the 6 month follow-up and were excluded from analysis. The 296 adult participants (mean age 42.1 ± 13.4 years) included in the analysis were 93 % Caucasian, 81 % female, 31 % ≤ high-school educated, 43 % \< \$14,999 household income, and 33 % with low HL (Table [1](#Tab1){ref-type="table"}). The mean body mass index (BMI) was 33.0 ± 9.1 kg/m^2^ and the majority of participants were overweight (21.5 %) or obese (57.0 %). There were no significant demographic differences between conditions.Fig. 1Study flow chart for the Talking Health trial. ^a^Some potential participants may have been excluded for \>1 eligibility criteria

When compared to average US Census data across these counties \[[@CR17]\], our enrolled participants had a substantially lower mean income (enrolled = \$23,173, Census = \$48,105), yet had somewhat higher educational attainment (enrolled = 68 % ≥ HS, Census = 58 % ≥ HS) and had a considerably higher proportion of females (enrolled = 81 %, Census = 48 %). There were no differences in terms of race (enrolled = 93 % Caucasian, Census = 94 % Caucasian).

Implementation and program engagement {#Sec9}
-------------------------------------

When considering both SIP*smart*ER and MoveMore, a total of 96 classes (2 sessions of each class per cohort per condition) were planned and delivered. The overall receipt rate of intervention content was 70 %, with 58 % average class attendance and 12 % missed class call completion. Teach-back call attempts were made to all 296 participants, and 70 % of the participants completed the call. Finally, 11 IVR calls were attempted for all participants and the average completion rate was 51 %. There were no statistically significant differences in engagement rates between the two conditions.

Effectiveness {#Sec10}
-------------

For the primary outcomes, daily kilocalories and fluid ounces of SSB consumption, 6 month effects were statistically significant between conditions and moderate in magnitude (Table [2](#Tab2){ref-type="table"}). For example, SIP*smart*ER participants significantly decreased SSB intake by 227 (95 % CI = −326,−127, *p* \< 0.001) kcals/day from baseline to 6 months when compared to the decrease of 53 (95 % CI = −88,−17, *p* \< 0.01) kcals/day among MoveMore participants (*p* \< 0.001) (Cohen's d effect size = 0.55). The minutes/day of moderate to vigorous PA revealed a small and statistically significant time effect for the MoveMore condition, but not a statistically significant between condition effect (Cohen's D effect size = 0.23). However, the number of minutes of strength training activity revealed a moderate and significant effect between conditions (Cohen's D effect size = 0.43).Table 2Changes in self-reported outcomes by treatment condition (*n* = 296)VariableSIP*smart*ERMove MoreRelative effects between conditions^b^Base-line^a^6 month^a^Adjusted change baseline to 6 month^b^Base-line^a^6 month^a^Adjusted change baseline to 6-month^b^SSB, kcals/day496 (374)268 (297)−227 (−326, −127)\*\*\*377 (287)325 (319)−53 (−88, −17)\*\*−174 (−276, −71)\*\*\*SSB, fluid ounces/day43 (31)24 (24)−19 (−28, −10)\*\*\*33 (24)28 (27)−5 (−7,−2)\*\*\*−14 (−23, −6)\*\*Total energy intake, kcals/day1973 (1095)1696 (1098)−277 (−425, −128)\*\*\*1780 (647)1737 (688)−43 (−134, 48)−234 (−444, −24)\*\*MVPA, min/day40 (50)43 (51)3 (−12, 18)39 (51)54 (51)15 (6, 24)\*\*−12 (−28, 5)Strength Training PA, min/day13 (60)11 (36)−3 (−9, 3)7 (28)24 (56)17 (7, 28)\*\*−20 (−32, −7)\*\*Stanford Leisure-Time Activity Categorical Item (L-CAT)^c^0.57 (0.88)0.70 (1.01)0.15 (−0.08, 0.37)0.67 (1.07)1.06 (1.06)0.40 (0.28,0.51)\*\*\*−0.25 (−0.46, −0.04)\*Quality of Life, \# unhealthy days/month8.4 (9.3)7.3 (8.0)−1.2 (−2.4, −0.1)\*7.3 (7.5)7.1 (7.2)−0.1 (−0.8, 0.5)−1.1 (−2.23, 0.02)SSB Media Literacy^d^110.2 (17.3)118.4 (15.9)8.2 (6.5,9.9) \*\*\*113.6 (11.7)116.5 (11.1)2.9 (2.0, 3.8) \*\*\*5.3 (2.9, 7.6)\*\*\*TPB-SSB Attitudes^e^4.5 (1.0)5.2 (1.1)0.7 (0.6, 0.9)\*\*\*4.6 (1.0)4.8 (1.1)0.2 (0.1, 0.3)\*\*\*0.5 (0.3, 0.7)\*\*\*TPB-SSB Subjective Norms^e^4.8 (1.3)5.1 (1.4)0.3 (0.1, 0.5)\*\*4.7 (1.3)4.9 (1.3)0.2 (0.0, 0.5)\*0.0 (−0.3, 0.4)TPB-SSB Perceived Behavioral Control^e^5.2 (1.5)5.7 (1.3)0.6 (0.3, 0.8)\*\*\*5.5 (1.2)5.8 (1.1)0.3 (0.0, 0.5)\*0.3 (0.0, 0.6)\*TPB-SSB Behavioral Intentions^e^4.7 (1.7)5.6 (1.6)1.0 (0.6, 1.3)\*\*\*4.8 (1.5)5.0 (1.5)0.3 (0.1, 0.4)\*0.7 (0.3, 0.9)\*\*\*TPB-PA Attitudes^e^5.5 (1.0)5.5 (1.1)−0.0 (−0.1, 0.1)5.5 (0.9)5.6 (0.8)0.1 (−0.0, 0.2)−0.1 (−0.3, 0.1)TPB-PA Subjective Norms^e^5.5 (1.3)5.4 (1.3)−0.1 (−0.3, 0.1)5.4 (1.10)5.5 (1.1)0.1 (−0.1, 0.2)−0.2 (−0.4, 0.1)TPB-PA Perceived Behavioral Control^e^5.5 (1.2)5.5 (1.3)0.1 (−0.1, 0.2)5.4 (1.2)5.6 (1.1)0.2 (0.1, 0.4)\*\*−0.1 (−0.3, 0.1)TPB-PA Behavioral Intentions^e^4.9 (1.3)4.7 (1.5)−0.1 (−0.4, 0.1)4.8 (1.2)5.1 (1.1)0.4 (0.2, 0.5)\*\*\*−0.5 (−0.8, −0.2)\*\*Within condition and between condition statistical significance indicated by bold face asterisks: \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001*SS* SIP*smart*ER condition, *MM* MoveMore condition, *SSB* Sugar-sweetened beverages, *PA* Physical Activity, *TPB* Theory of Planned Behavior^a^ Means (Standard Deviations) are not adjusted for covariates^b^ Models controlled for baseline covariates including age, gender, race/ethnicity, income, education level, health literacy level, employment status, number of children, smoking status, and BMI. The 95 % confidence intervals are also adjusted to be cohort robust. Analytic procedures uses intention-to-treat last observation carried forward imputations^c^ L-CAT scale range: 0 = low, 5 = high^d^ Media literacy scale range: 19 = low, 133 = high^e^ Theory of Planned Behavior scale range: 1 = low, 7 = high

Significant between condition effects were also found for total energy intake, Stanford Leisure-Time Activity Categorical Item, SSB media literacy, TPB-SSB attitudes, TPB-SSB perceived behavioral control, TPB-SSB behavioral intentions, and TPB-PA behavioral intentions and each in the directions hypothesized (Table [2](#Tab2){ref-type="table"}). The SIP*smart*ER condition significantly improved quality of life over 6 months; however, between condition effects were not significant. Our results did not show evidence of statistically significant between condition effects for TPB-SSB subjective norms, TPB-PA attitudes, TPB-PA subjective norms, or TPB-PA perceived behavioral control. Conversely, significant time effects were found in the MoveMore condition for TPB-PA attitudes (present at follow-up analysis only) and TPB-PA perceived behavioral control.

A between condition effect was also significant for BMI and weight (Table [3](#Tab3){ref-type="table"}). For example, SIP*smart*ER participants decreased BMI by 0.21 (95 % CI = −0.35,−0.06; *p* \< 0.01) kg/m^2^ from baseline to 6 months when compared to the non-significant 0.10 (95 % CI = −0.23, 0.43; NS) kg/m^2^ gain among MoveMore participants (*p* \< 0.05). There were no between condition effects for other biological and blood pressure outcomes.Table 3Changes in anthropometric, biological, and blood pressure outcomes by treatment condition (*n* = 296)VariableSIP*smart*ERMove MoreRelative effects between conditions^b^Base-line^a^6 month^a^Adjusted change baseline to 6 month^b^Base-line^a^6 month^a^Adjusted change baseline to 6 month^b^Body Mass Index (BMI), kg/m^2^33.26 (9.28)33.05 (9.23)−0.21 (−0.35, −0.06)\*\*32.74 (8.98)32.84 (9.08)0.10 (−0.09, 0.30)−0.31 (−0.55, −0.07)\*Weight, kg90.7 (26.4)90.2 (26.4)−0.5 (−0.9, −0.0)\*90.4 (24.3)90.5 (24.7)1.0 (−0.2, 0.4)−0.6 (−1.1, −0.1)\*Cholesterol, mg/dL162.9 (38.2)155.5 (36.6)−7.4 (−14.3, − 0.5)\*168.7 (36.4)163.3 (32.4)−5.4 (−13.2, 2.4)−2.0 (−9.4, 5.3)Low-density lipoprotein (LDL) cholesterol, mg/dL95.3 (32.2)90.4 (29.5)−4.9 (−9.2, −0.7)\*99.9 (31.7)95.2 (30.7)−4.8 (−9.2, −0.4)\*−0.1 (−5.6, 5.4)High-density lipoprotein (HDL) cholesterol, mg/dL45.5 (15.2)43.0 (15.0)−2.6 (−5.3, 0.2)46.5 (14.9)45.0 (16.0)−1.6 (−4.8, 1.7)−1.0 (−4.4, 2.4)Triglycerides, mg/dL126.2 (77.3)125.0 (75.4)−1.2 (−10.6, 8.2)128.6 (75.6)127.5 (70.2)−1.1 (−8.5, 6.4)−0.1 (−12.4, 12.2)Glucose, mg/dL80.3 (26.2)77.1 (26.7)−3.2 (−6.6, 0.2)77.1 (24.0)74.8 (18.0)−2.4 (−8.0, 3.2)−0.8 (−3.6, 2.0)Systolic blood pressure, mm Hg123.3 (18.0)122.7 (17.6)−0.6 (−3.9, 2.7)120.7 (13.3)121.0 (15.4)0.3 (−2.6, 3.2)−0.9 (−3.6, 1.8)Diastolic blood pressure, mm Hg79.5 (11.7)80.0 (12.3)0.54 (−1.0, 2.1)79.7 (10.6)79.8 (11.0)0.1 (−1.3, 1.5)0.4 (−0.8, 1.6)Within condition and between condition statistical significance indicated by bold face asterisks: \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001SS = SIP*smart*ER condition; MM = MoveMore condition^a^ Means (Standard Deviations) are not adjusted for covariates^b^ Models controlled for baseline covariates including age, gender, race/ethnicity, income, education level, health literacy level, employment status, number of children, smoking status, and BMI. The 95 % confidence intervals are also adjusted to be cohort robust. Relative effects between conditions using intention-to-treat last observation carried forward imputations procedure

Robustness of effects: health literacy (HL) status {#Sec11}
--------------------------------------------------

Baseline HL status did not significantly influence 6 month retention rates (low HL = 79 ± 41 %, high HL = 72 ± 45 %; *p* = 0.56) or class engagement rates (low HL = 2.14 ± 1.03, high HL = 1.97 ± 1.15; *p* = 0.20), teach-back call completion (low HL = 0.76 ± 0.43, high LH = 0.66 ± 0.48; *p* = 0.07), or IVR completion (low HL = 5.93 ± 4.62, high HL = 5.45 ± 4.31; *p* = 0.36). Furthermore, baseline HL status did not moderate any of the primary or secondary outcomes. For example, among the SIP*smart*ER condition, the 6 month SSB kcal reduction between participants with low HL and participants with high HL was not statistically significant (*p* = 0.21) and similar for MoveMore condition (*p* = 0.67). Between the low HL and high HL groups, the relative treatment effect between two conditions was also not statistically significant (*p* = 0.31).

Discussion {#Sec12}
==========

The Talking Health trial used was the first to integrate behavioral theory and HL concepts to reduce SSB intake in a rural low socioeconomic area that has some of the highest SSB consumption patterns in the country. The intervention, SIP*smart*ER, demonstrated a moderate to large effect size for reducing SSB intake, when compared to MoveMore. The magnitude of effect was similar to the Choose Healthy Options Consciously Everyday (CHOICE) trial that randomly assigned participants to replace caloric beverages with either water or diet beverages (\~200-250 kcals/day reduction) \[[@CR9]\]. Of note, the 6 month CHOICE intervention included providing replacement beverages and monthly support meetings to address behavioral strategies and promote adherence to the water or diet replacement beverages.

The comparison to the CHOICE intervention provides a number of practical conclusions and areas of further inquiry \[[@CR9]\]. First, unlike SIP*smart*ER, the CHOICE included the provision of replacement beverages---a practice that may not be generalizable to real-world settings who serve rural, low SES regions. Second, SIP*smart*ER was delivered using a mixture of traditional health education (i.e., small group sessions) along with HL (e.g., teach-back and clear communication) and automated scalable (i.e., IVR) strategies, whereas CHOICE included monthly group behavioral classes, monthly weigh-ins, and access to a study website for weekly beverage and weight monitoring. Third, Talking Health participants (31 % ≤ high school education) were considerably less educated than those in the CHOICE trial (7.5 % ≤ high school education). However, the average weight loss among CHOICE trial participants was larger than our trial. This is attributable in part, to the eligibility criteria for overweight or obese BMI in the CHOICE trial. In our trial, weight loss was not a primary focus, nor was weight status an eligibility criterion (e.g., 22 % of enrolled participants had a BMI classification of under or of normal weight). Although reductions in BMI and weight were statistically significant among SIP*smart*ER participants, the clinical significance is relatively small. Nonetheless, this is important data since weight-related outcomes from randomized controlled trials and experimental studies targeting SSB behaviors is limited, especially among adults \[[@CR7], [@CR63]--[@CR68]\]. Given that changes in SSB occurred gradually over the 6 month intervention, data from the on-going 12 month maintenance phase of this trial are needed to make firm conclusions about meaningful reductions in weight and BMI \[[@CR37]\].

Secondary to our assessment of SIP*smart*ER, we also documented significant improvements in PA for participants assigned to MoveMore. When compared to the intervention that provided the content basis for MoveMore, the magnitude of effect (small to moderate) in our study was smaller than that found in the original MoveMore intervention (moderate to large effects). However, there are a number of differences between the two trials in terms of target population (members of an HMO vs rural, low SES), primary outcome (moderate PA vs moderate to vigorous and strength training), and duration of the intervention (3 vs 6 months) \[[@CR30]--[@CR32]\]. Further, when compared to a recent meta-analysis of 358 reports and the average mean effect size on interventions designed to increase physical activity among healthy adults, the increase was greater for participants in MoveMore \[[@CR69]\]. In line with recommendations for more pragmatic research, our trial highlights an innovative design where participants randomized to the primary outcome group and the comparison group were allowed the opportunity to benefit \[[@CR26], [@CR70]\]. Our decision to include a matched contact treament condition was driven by the ethical irresponsibility of enrolling yet providing no treatment to the targeted medically underserved participants, the amount of resources to access and recruit rural participants only to offer a placebo control protocol group, and concerns with attrition of a placebo control.

The improvement in quality of life among SIP*smart*ER participants, as well as the lack of a between group difference, provides a participant centered check and implies that the interventions were not causing negative side effects. Related to the TPB variables, prior literature has consistently established that behavioral intentions are the strongest predictor of behavior \[[@CR38]--[@CR41]\]. In our trial, both the SIP*smart*ER and MoveMore conditions resulted in significant between group improvements in behavior-specific intentions. In general, improvements in attitudes, subjective norms, and perceived behavioral control for the TPB-SSB variables were somewhat better than TPB-PA variables. Since intervention implementation and program engagement were similar between conditions, this finding is most likely due to differences in the complexity, skills, and barriers involved in changing SSB versus PA behaviors. Given that the majority of TPB studies target a single behavior and are cross-sectional, there are few experimental studies to compare with our findings. As postulated, there was also a strong SSB media literacy effect. Media literacy, defined as an individuals' ability to access, analyze, and evaluate media messages \[[@CR45]\], was an underlying concept in the trial design for both conditions. The second small group class in both conditions combined motivational components and media skill-based training to prompt individuals to advocate for their own health \[[@CR71]\]; however, the outcome measure focused exclusively on SSB media literacy. Although media literacy training has been used in adolescents, this is one of the first known adult trials to incorporate and evaluate media literacy skills \[[@CR72]\]. Future analyses are needed to understand the causal pathways and interdependence of sociocognitive and psychological determinants (e.g., TPB constructs), skill-based factors (e.g., HL, media literacy), and demographic factors as they relate to behavioral targets.

With the exception of BMI, this trial did not result in between group effects for clinical outcomes. This finding is not entirely unexpected, since improvements in either behavior may improve these outcomes. Within SIP*smart*ER, improvements were noted for total cholesterol and low-density lipoprotein cholesterol, but not for blood pressure, glucose, or triglycerides. Within MoveMore, improvements were observed for low-density lipoprotein, but not for other clinical outcomes. Several explanations are plausible for these null findings on the secondary outcomes. First, the average baseline values generally indicate normal values, so there may have been less opportunity for meaningful and statistically significant improvements (i.e., abnormal clinical values were not an inclusion criteria). Second, the interventions may not have been of sufficient intensity, focus, or duration to produce changes in these more distal clinical outcomes. Nonetheless, having this experimental data available is of value, as the majority of literature related to excessive SSB consumption among adults is limited to observational studies \[[@CR7], [@CR63]--[@CR68]\]. Future analysis should explore whether the magnitude of change in the behavioral targets (i.e., SSB and PA) influenced changes in clinical outcomes and examine differential changes among participants with high versus normal clinical values at baseline. Also, the 12 month maintenance phase of this trial is on-going through December 2015. Therefore, the maintenance of behaviors and long-term influence on clinical outcomes are not yet available, but forthcoming.

Health literacy did not influence retention, engagement, or outcomes. These findings fill an important gap in the HL body of research. Despite notable advancements in experimental approaches to address HL skills \[[@CR11], [@CR12]\], few experimental studies report on how participant HL status influences retention and engagement, or how HL moderates outcomes \[[@CR14]\]. In one systematic review of experimental HL research articles, only 8 of 24 trials performed a moderation analysis by HL category and findings were mixed \[[@CR14]\]. To fully advance HL research, concentrated efforts are needed to understand if research trials are exacerbating or reducing HL-related health disparity gaps. In an effort to achieve a balance between HL skills/ability and demands/complexity of the targeted behavior \[[@CR73]\], a central goal in this line of research has been to apply health literacy strategies and to develop a culturally sensitive intervention for rural, underserved populations \[[@CR16], [@CR28], [@CR29]\]. Importantly, our findings suggest that focused efforts and application of HL strategies resulted in similar engagement and benefits among low and high HL participants. Additional analyses are warranted to determine if changes in HL mediate changes in outcomes.

In addition to the aforementioned opportunities for further data analysis, and as guided by the RE-AIM planning and evaluation framework \[[@CR15], [@CR20]\], on-going efforts are underway to understand the context for adoption and implementation, including recruitment, intervention delivery costs, and post-program participant qualitative data to identify factors that influenced intervention engagement and success. Our preliminary data indicate that implementation fidelity was similarly high among both conditions. Participant-centered program evaluation data may provide insights into differences of behavior change and maintenance for SSB versus PA. Finally, given the relatively encouraging results of both the SIP*smart*ER and MoveMore interventions, as well as the emphasis and potential benefits of multiple behavior change interventions \[[@CR74], [@CR75]\], future efforts should explore combining programmatic elements to concurrently address both SSB and PA.

Study Limitations {#Sec13}
-----------------

This study may have limited generalizability beyond the targeted medically-underserved Appalachian region of rural southwest Virginia. However, with the exception of men, this enrolled sample was generally representative of this high need region. Also, while this trial was powered to detect the relative 6 month treatment effect between the two conditions, it was not powered to detect HL moderation effects. Therefore, the non-statistically significant moderation effect findings should be interpreted with caution. Likewise, non-statistically significant secondary outcomes should also be interpreted somewhat cautiously, as lack of statistical power may be an issue. The self-reported measures may also be considered a study limitation; however, our unpublished 6 month C13 biomarker data, which entails technical details beyond the scope of this primary outcomes manuscript \[[@CR76], [@CR77]\], provides concurrent validity for meaningful improvements in SSB behaviors. Finally, while all analytic procedures for the treatment of missing data are subject to controversy, we are transparent in our analytical approach and present the most conservative 6 month results among the different analytic procedures with the goal to provide lower bound of program effectiveness assessment. To briefly illustrate this point, the Cohen's d effect size for kcals/day of SSB was 0.55 for the provided intention-to-treat analysis (*p* \< 0.001), and was 0.69 with the present at follow-up analysis (completers only) (*p* \< 0.001). Despite these limitations, this trial allowed all participants an opportunity to benefit, while providing an adequate sample size to examine treatment effects on SSB consumption and allowing the opportunity to explore moderation effects and secondary outcomes.

Conclusions {#Sec14}
===========

Our findings provide evidence that SIP*smart*ER is an effective behavioral and HL intervention to decrease SSB consumption among rural adults in a medically-underserved region. Grounded by a HL framework, our intervention purposefully focused on an important, yet relatively simple behavior---with a goal of achieving a balance between HL skills/ability and the demands/complexity of the targeted behavior \[[@CR73]\]. Additional efforts are needed to understand long-term changes in anthropometric outcomes. Results also indicate adequate reach and engagement of the targeted population with concerted focus on scalable strategies that were also technologically, culturally, and literacy appropriate. Application of the RE-AIM planning and evaluation framework provided a key conceptual guide to help operationalize study outcomes, as well as direct methodological decisions that intended to simultaneously balance internal and external validity factors \[[@CR15], [@CR20]\]. To promote broader public health impacts of SSB reductions, additional efforts are needed to explore dissemination and implementation of SIP*smart*ER among local organizations that operate within rural and medically-underserved regions. Additionally, while environmental- and policy-level SSB approaches such as limiting consumer access and taxation appear promising \[[@CR78]--[@CR82]\], these strategies are often met with controversial opposition. As empirical data begins to emerge for strategies implemented and evaluated at higher levels (i.e., community, environmental, and policy) to reduce SSB intake and BMI status, further examination is need to understand the relative value and impacts of individual-level health behavior and HL strategies targeting SSB consumption, such as those used in SIP*smart*ER. The largest public health impacts will likely be realized when SSB reduction strategies are integrated across multiple levels of influence \[[@CR82], [@CR83]\].
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